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Graves, Ritchie J . , M.A., July, 1993 Zoology
Ecology and Exploitation of Crayfish (Pacifastacus 
leniusculus) in Noxon Rapids Reservoir, Montana (88 pp.)
Director: Andrew L, Sheldon
Two sympatric species of crayfish occur in Noxon Rapids 
Reservoir. One, Pacifastacus leniusculus. is native to 
western Montana while the other, Orconectes virilis. is 
apparently increasing its range after being introduced to 
the Clark Fork River drainage system. A small, intermittent 
commercial fishery has been established since 1988 which 
relies mostly upon the larger P̂ . leniusculus.
O . virilis are apparently confined to the lower reservoir 
and are present in small numbers. P^ leniusculus are scarce 
or absent in the lower, lake-like portion of the reservoir, 
but are abundant in the upper, riverine sections of the 
reservoir; 95 % of the P_j_ leniusculus individuals were 
captured on rocky substrate. Sexually mature female P . 
leniusculus had 135-748 pre-spawned eggs in September and 
235-492 pleopodal eggs in November. Juveniles were still 
attached to some females in early July. Population biology 
parameters estimated by ELEFAN indicated crayfish growth is 
slightly higher for males (K = 0.40 to 0.45) than females (K 
= 0.35 to 0.40); L„ was also higher in males (90 mm at site 
12 and 85-88 at site 16) than in females (75-76 mm at site 
12 and 81-83 at site 16); and Annual Survivorship for adult 
crayfish was estimated to be 22.3 % at site 12 and 14.7 % at 
site 16 regardless of sex.
Trap selectivity was measured by using a paired latin 
square design (eight replicates) varying trap aperture (3.8, 
6.4, and 8.9 cm) and depth (distance from shore). Traps 
with small apertures caught few large males, the full size 
range of females, and no more small crayfish than medium or 
large traps which caught the full size range of males (27-79 
mm Carapace Length) and females (28-70 mm Carapace Length). 
Capture rates were small < medium > large traps and smaller 
crayfish were caught in deeper water. Escape rates were 
measured by placing two crayfish of three size categories 
(<50, 52-63, >65 mm C.L.) in each of the three aperture size 
traps for 72 hours and recording the remaining individuals 
(20 replicates) every 24 hours. Escape rates increased as 
aperture size increased and as crayfish size decreased.
After 72 hours 5-15%, 18-75%, and 63-93% of the crayfish had 
escaped from small, medium, and large traps respectively for 
all size categories.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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INTRODUCTION
Crayfish are important elements of aquatic communities. 
They are able to serve simultaneously as herbivores, 
carnivores, and detritivores. Their ability to utilize a 
wide range of foods and their relatively high assimilation 
efficiencies (May 1981, Hogger 1988) make crayfish key 
components in the energy flow of aquatic ecosystems (Flint 
and Goldman 1977, Momot, et.al. 1978, Mason 1979). They are 
important prey items for many fishes and mammalian predators 
(Hogger 1988) and the base of a profitable international 
industry which produces and harvests crayfish for human 
consumption (Comeaux 1972, Momot and Cowing 1977, McGriff 
1983, Momot 1988).
Two species of crayfish are currently found in the rivers 
of western Montana. Pacifastacus leniusculus is one of five 
species in the genus Pacifastacus which is naturally 
distributed west of the Continental Divide (Hobbs 1988).
This species attains a maximum carapace length > 70 mm and 
lives as long as nine to ten years. Orconectes virilis. an 
introduced species, is smaller, < 50 mm, and lives only 
three to four years (Lowery 1988). virilis is one of
about 315 species of crayfish which occur east of the divide 
and is a member of the family Cambaridae while P̂ . 
leniusculus belongs to the family Astacidae (Hobbs 1988). 
Hereafter these two species will be referred to by their 
generic names.
1
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Recently Orconectes has been found west of the divide in 
the lower Clark Fork River where previously only 
Pacifastacus occurred. Since 1988, a small fishery has been 
established on the Clark Fork River in western Montana for 
Pacifastacus leniusculus (Sheldon 1989), a species greatly 
favored in European markets (McGriff 1983, Lowery and 
Holdich 1988). Approximately nine tonnes of crayfish were 
collected statewide during the 1988 harvest season. The 
enterprise is sporadic in nature and only marginally 
economical with up to two fisherman being licensed statewide 
by the Montana Department of Fish, Wildlife, and Parks for 
any particular season. (Sheldon 1989 and Howard Johnson, 
MDFWP: personal communication).
Noxon Rapids Reservoir is an impoundment on the Clark Fork 
River in northwest Montana near the Idaho border (Figure
1.1) in which these two species are sympatric and the 
commercial fishermen have been active (Sheldon 1989). This 
reservoir is operated as a run-of-the-river system 
impounding 38 miles (61 km) of riverway (Schrier 1983). At 
capacity it has a surface area of 8,600 acres (3,482 
hectares) and can be drawn down a maximum amount of 54 feet 
(16.5 m) yielding a minimum surface area of 5,500 acres 
(2,227 hectares). Since 1979 maximum drawdown has rarely 
exceeded 7 feet (2.2 m) (Huston 1985).
Water exchange rates are high in Noxon Rapids Reservoir; 
three weeks for average flow and only one week at highwater
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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during the spring run-off (Huston 1985}. Because of the 
rapid mixing and short residence time of the water, only 
weak stratification is observed in the late summer months. 
Temperature is generally greater than 15 C during the months 
of July and August and dissolved oxygen is greater than 8 
mg/1 both on the surface and bottom of the reservoir for 
this same period of time (Shrier 1983). I therefore assumed 
that the distributions of Pacifastacus and Orconectes are 
unlimited by oxygen and temperature constraints within this 
particular system (Abrahamsson and Goldman 1970; Momot 
1988).
Noxon Rapids Reservoir offers an excellent opportunity to 
study the interactions between a seemingly successful 
invading species and a native species. A preliminary study 
by Sheldon (1989) in Noxon Rapids Reservoir determined that 
the highest abundance of Orconectes occurred near the dam 
and the highest densities of Pacifastacus were found in the 
narrow, riverine headwater areas of the réservoir (Figure
1.1). It has been suggested that adult Pacifastacus are 
dominant when interacting with adult Orconectes of equal 
size in laboratory experiments (Momot and Leering 1986).
This information is contradictory to the apparently 
expanding range of Orconectes in the Clark Fork drainage 
system.
It should be noted that species replacement is a matter of 
population and not individual interactions. A competitive
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
or predatory asymmetry may be occurring as has been 
documented in several interacting fish species (Persson 
1988). Orconectes might affect Pacifastacus during the 
young-of-the-year (YOY) stage before competition between 
similarly sized individuals can occur. Also reproductive 
interference or differences in YOY vulnerability to 
predation might also be important on these sympatric 
populations (Butler and Stein 1985).
The effect of the fishery upon the interaction between the 
native Pacifastacus and the introduced Orconectes is 
unknown. Fishing pressures on Pacifastacus could give 
Orconectes a competitive advantage in the Clark Fork River 
drainage leading to an expansion in range at the expense of 
the more commercially valuable native species.
Consequently, human usage of crayfishes might affect the 
health of this system, especially growth and survival of 
piscivorous game-fishes and other species dependent upon 
this stock as a major protein source (Momot, et.al. 1978, 
Hogger 1988). The descriptions of abundance, size, sex, 
fecundity and species composition in various habitats within 
the reservoir will yield vital information allowing for 
better management of the newly emerging crayfishery and of 
the aquatic ecosystems created by man-made impoundments.
The program ELEFAN (Electronic Length Frequency Analysis) 
produced by the International Center for Living Aquatic 
Resources (ICLARM) allowed me to make rough estimates of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
population dynamic parameters (K, and Z) from length
frequency data. Estimates of capture probablilities and 
relative yield and biomass per recruit at varying 
exploitation rates can then be obtained using this program. 
This data is needed to facilitate management decisions and 
possible modifications to existing regulations. By 
understanding how various trap aperture sizes affect the 
selectivity, capture, and escape rates of Pacifastacus 
fishery managers might gain a valuable tool for regulating 
the commercial harvest of this species and insuring their 
continued presence in the waters of western Montana.
This paper is divided into three chapters: Crayfish
Population Distribution and Structure; Crayfish Biology; and 
the Effect of Trap Aperture Sizes on Selectivity, Capture, 
and Escape Rates of Pacifastacus leniusculus. The goals of 
Chapter I are to 1) describe limnological variables which 
may affect growth, survival, and reproduction of crayfish 
stocks in Noxon Rapids Reservoir ; 2) estimate population 
structure (size, sex) and spatial distributions in Noxon 
Rapids Reservoir of P^ leniusculus and virilis vulnerable 
to a commercial trap fishery; 3) estimate relative 
population densities using Catch Per Unit Effort (CPUE) 
data; and 4) determine variables (substrate, depth) which 
might effect distributional patterns of P_̂  leniusculus.
In Chapter II I will 1) describe the biology of 
Pacifastacus leniusculus ̂ the only crayfish species native
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to western Montana; 2) determine the susceptibility of 
Pacifastacus to trapping over a 24 hour period; 3) describe 
the breeding biology of female Pacifastacus in Noxon Rapids 
Reservoir; and 4) estimate aspects of Pacifastacus 
population dynamics using the computer program ELEFAN 
(Electronic Length Frequency Analysis) designed and 
distributed by ICLARM (Gayanilo, Soriano, and Pauly 1989).
Chapter III objectives will be to 1) experimentally 
evaluate trap bias with Pj. leniusculus by using three 
different trap aperture sizes; 2) determine escape rates of 
crayfish from traps with different aperture sizes; 3) 
compare the 1991 data obtained using three aperture sizes 
with results from the 1990 field season in which only three 
and one-half inch (8.9 cm) apertures were used; 4) evaluate 
these results with regard to the commercial fishery; and 5) 
evaluate the results as a potential management tool for 
regulating the commercial fishery.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I
CRAYFISH POPULATION DISTRIBUTION AND STRUCTURE 
IN NOXON RAPIDS RESERVOIR
Introduct ion
Abiotic factors can have strong effects upon crayfish 
populations. Temperature, photoperiod, and substrate 
significantly affected growth, survival, and biomass 
accumulation (Mason 1978). Similarly, size and area of 
stone cover, amount of shallow water, and food availability 
are correlated with the number, size, and location of 
crayfish (Flint and Goldman 1977, Rabeni 1983). Threshold 
temperatures, minimum temperatures below which different 
species cannot successfully hatch eggs or molt, influence 
the range, growth, and mortality of crayfish species (Momot 
1984, Lowery 1988).
The descriptions of abundance, size, sex, fecundity, and 
species in various habitats within the reservoir will yield 
vital information allowing for better management of the 
newly emerging crayfishery and of the aquatic ecosystems 
created by man-made impoundments. The objectives of this 
chapter are to 1) estimate population structure (size, sex) 
and spatial distributions of Pacifastacus and Orconectes 
vulnerable to a commercial trap fishery; 2) estimate
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8
(CPUE) data; 3) determine variables (substrate, depth) which 
might affect distributional patterns of Pacifastacus: and 4) 
describe limnological variables which may affect growth, 
survival, and reproduction of crayfish stocks in Noxon 
Rapids Reservoir.
Methods and Materials
Description of Study Site
The reservoir downstream from the Vermillion River inlet 
widens considerably and the current is also noticeably 
reduced (figure 1.1). For these reasons I divided the 
reservoir into "Lake-like” (transects 1-8) and "River-like" 
(transects 9-17) categories for data analysis prior to the 
beginning of the sampling.
Sampling Design
Seventeen transects were established by dividing the 
reservoir into 2 mile (3.2 km) sections and randomly 
selecting a point within each section. This was done from 
river mile 172 (above Rock Island = site #1) upstream to 
mile 202 (below the railway bridge near Squaw Creek = site 
#17). Additional transects were established at Marten Creek 
Bay, and at the Vermillion River and Beaver Creek inlets 
(f igure 1.1).
Three traps were placed at 32 foot (9.75 m) intervals 
along a line to form one gang. At each transect one gang
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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was deployed from each bank and one was placed midstream for 
a total of 9 traps. Two gangs were placed in the midstream 
areas at sites 1, 2 , 3 , 4, and 6 because of the large 
between-shore distances (up to 1 mile or 1.6 km) at these 
transects giving a total of 12 traps.
Traps were baited with fresh fish (peamouth, squawfish, or 
yellow perch) and set overnight. Soak time was always less 
than 18 hours. Depth of the first and third trap of each 
gang was measured at the time of recovery in order to 
estimate the slope of the reservoir bottom. Any substrate 
(macrophytes or mud) adhering to the traps or lines was also 
noted. Crayfish in each trap were sexed and measured and 
the total number of crayfish in the trap was recorded. All 
measurements of crayfish are in carapace lengths (CL) as 
measured from the anterior of the rostrum to the posterior 
margin of the céphalothorax. All crayfish captured, except 
for a subsample of approximately 60 female leniusculus. 
were released on site.
Limnological Data Collection
Temperature, dissolved oxygen, and conductivity were 
measured using a "Hydrolab ATM" and light intensity data 
were collected using a LiCor photometer. Both pieces of 
equipment were borrowed from the Flathead Lake Biological 
Station at Yellow Bay. The photic zone (1% transmission 
depth of photosynthetica1ly active light PAR) was calculated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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from the light intensity data. Data were collected at sites 
1, 3, 6 , 9 , 12, 14, and 17 on September 5 and 6, 1990.
Data Analysis
The data were analyzed using the SPSS-X (release 4) 
statistics package on the VAX/VMS computer system at the 
University of Montana. For some analyses variables were 
categorized as follows:
Site Category 1) Lake-like 2) RiverineReplicate Category 1) August 2) SeptemberSubstrate 1) Clean 2) "Muddy" or "WeedyLocation of gangs 1) Mid-river 2) BanksSlope (percent) 1) 0-15 2) 16-30 3) 31-45
4) 46+
Depth (meters) 1) 0-5 2) 6-10 3) 11-15
4) 16-20 5) 21+
Carapace Length 1) < 46 2) 47-56 3) 57-66Category 4) > 67
Results
Limnology
Temperatures decreased with depth as expected, but did 
not fall below 18 C (figure 1.2a). Bottom temperature also 
tended to increase in an upstream direction. The photic 
zone (1% transmission PAR) ranged between 10.8 and 16.2 
meters. The depth of light penetrance was greater in the 
lake sites than in the river sites (figure 1.2b). Dissolved 
oxygen ranged between 6.4 and 8.8 mg/L and also increased in 
an upstream direction (figure 1.2c). Conductivity varied 
more widely between sites than by depth (figure 1.2d).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Catch Per Unit Effort
Excluding the three inlet transects previously noted, 318 
traps were set during the course of this study. In the 
riverine sites 56% of the traps successfully captured at 
least one crayfish. The success rate of the lake sites was 
only 9%, Most traps captured few or no crayfish, but four 
traps caught more than 15 individuals (figure 1.3). No 
traps contained more than seven individuals in the August 
collection. Total CPUE of the river sites (2.42 crayfish / 
trap / night) was nine times that of the lake sites (0.27). 
There was also a marked increase in CPUE between the August 
and September trapping periods. The lake sites increased 
from a CPUE of .21 to .33 and the river sites showed an 
increase from 1.39 to 3.38 (table 1.1).
Species Distribution
A total of 425 crayfish was captured in August and early 
September, 1990. Of these only 1 individual belonged to the 
species Orconectes virilis. This male (CL=36) was taken in 
Marten Creek Bay on September 7, on clean substrate at a 
depth of 10.4 meters. It was the only crayfish captured in 
any of the 3 bay areas (Marten Creek, Vermillion River, and 
Beaver Creek). The rest of this chapter will therefore only 
concern Pacifastacus leniusculus.
Most (68 %) of the 318 traps set caught no crayfish, but 
four traps caught more than 15 crayfish (figure 1.3). Of 
the 424 Pacifastacus captured during the two sampling
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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periods, 380 were caught in the nine "river" sites and only 
44 individuals were taken in the eight "lake" sites. No 
Pacifastacus were caught in the three lowermost sites (1, 2, 
and 3). In general more crayfish were captured the farther 
upstream traps were placed although there was much variation 
at each site between August and September (figure 1.4).
Sex Distribution
In all, 246 females and 178 males were captured; 56:67 in 
August and 190:111 in September (table 1.2). In August the 
female to male ratio did not differ significantly from a 
hypothetical sex ratio of 1:1 (P = .37). The female to male 
ratio in September however approached a 2:1 ratio favoring 
females (P < .001) (table 1.3). This implies differential 
vulnerability to trapping by sex during the season.
Slope, depth and location (banks vs mid-river) were not 
associated with sex distribution (Chi Square, P>.10). 
Substrate [clean (59% female) vs weedy or muddy (31% 
female)] and sex were statistically associated with one 
another (Chi Square, P = .04) (table 1.4).
Size Distribution
Only five percent of Pacifastacus collected had a carapace 
length < 46 mm which corresponds to the minimum harvestable 
size specified by MDFWP for the commercial fishery (figure 
1.5). Mean carapace lengths did not differ significantly 
between sampling dates, August vs September, (t-test: males 
and females), or by site categories, lake vs river, (t-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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test: males and females) although mean male carapace length 
was four millimeters greater in the riverine than in the 
lake-like transects. Mean carapace lengths of captured 
males (62.3 mm) were significantly larger than females (58.6 
mm) (t-test, P < .001) (table 1.5).
Slope and carapace length were not associated with one 
another (Chi Square, P = .14). The proportion of animals in 
varying C.L. categories was dependent upon depth (higher 
proportions of larger individuals were captured in shallower 
water), substrate (clean vs muddy or weedy), and location 
(the proportion of crayfish captured on the bank increases 
as the size category of the crayfish increased) (Chi Square, 
P <.05 in each case) (table 1.6). The average size of 
crayfish tends to decrease with increasing depth (figure 
1.6a and 1.6b).
Variables Affecting Distribution
Three hundred eighteen traps were deployed in August and 
September: 161 in the "lake” sites and 157 in the "river" 
sites. Muddy or weedy substrates were found in much higher 
proportions for traps deployed in the lower lake sites than 
for those placed in the river sites (37% : 08%) (P <.001). 
The proportions of traps in depth categories did not differ 
significantly (P = .09) between the two areas at the P = .05 
level, probably due to the fact that depth measurement was 
limited to 21 meters. Many of the mid-lake depths were 
probably far greater than 21 meters while only few of the
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mid—river measurements were beyond that depth (Huston 1985). 
The slopes of the gangs placed in the river sites (62% > 15 
percent slope) was generally steeper than those of the lake 
sites (34% > 15 percent slope) (P <.001). This evidence 
(table 1.7) when compared to numbers of crayfish captured 
within each of these categories (table 1.4) supports the 
idea that these two areas have different values as habitat 
for the population of Pacifastacus within Noxon Rapids 
Reservoir. Although not measured, velocity is probably the 
single biggest difference between the river and lake sites.
Discussion
Limnology
Dissolved oxygen and temperature probably have little 
effect on any distributional patterns of Pacifastacus in 
this reservoir. The water in Noxon Rapids Reservoir is so 
thoroughly mixed and has such a short residence time that 
seasonal extremes in dissolved oxygen and temperature should 
be small when compared to most other lakes or reservoirs of 
equivalent size. Upstream sites might accelerate growth 
(especially of the age zero juveniles) because of slightly 
elevated bottom temperatures and higher oxygen content.
It is not well known what effect light penetrance may have 
on Pacifastacus although some will forage during daylight 
hours (See Chapter II : Continuous Sampling Experiment).
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The 1% transmission point (limit of the photic zone) might 
be influential on crayfish stocks because of subsequent 
limits on the growth and distribution of algae and 
macrophytes upon which Pacifastacus adults are dependent for 
the bulk of their food (Mason 1979, and Lowery 1988).
Catch Per Unit Effort
Density, size and location of crayfish populations is 
strongly affected by food availability, shallow water and by 
size and area of available stone cover (Flint and Goldman 
1977, and Rabeni 1983). These abiotic factors are probably 
responsible for the much greater densities of Pacifastacus 
as expressed by CPUE in the river sites as compared to the 
lake sites. In Noxon Rapids Reservoir the riverine and 
lake-like areas are especially different with respect to 
stone cover. Increased CPUE from August to September is 
probably due to an increase in foraging by the adult 
population in preparation for the end of summer moult and 
the approach of the breeding season (Mason 1979, Lowery 
1988, and Lowery and Holdich 1988).
Species Distribution
The apparent scarcity of Orconectes might be explained in 
two ways: 1) Orconectes are plentiful and are not being
captured with the gear, or 2) Orconectes are not abundant in 
this reservoir. Orconectes were collected by hand in water 
less than one meter in depth at sites 5 and 6 and cast 
exoskeletons were found in Marten Creek Bay in August. It
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is possible that for reasons unknown Orconectes may be less 
susceptible to trapping than Pacifastacus by the methods 
employed in this study. However because so few Pacifastacus 
were captured at sites where Orconectes were located it is 
unlikely that Pacifastacus individuals are preventing 
Orconectes from entering the traps; and since 6 6  traps were 
set in "lake" sites at depths < 5 meters it is also unlikely 
that Orconectes escape trapping by only occurring in very 
shallow waters.
The second explanation fOrconectes are present only in 
small numbers) is more probable. No Orconectes were 
captured in the main body of the reservoir. It is unlikely 
that they could have avoided capture in all 318 traps (197 
of which were placed in shallow (< 10 m) water. There is 
evidence that Pacifastacus is dominant in interactions 
between individuals (Momot and Leering 1986). This should 
serve to drive Orconectes out of the areas of rocky 
substrate favored by Pacifastacus (Flint and Goldman 1977, 
Mason 1978, Klosterman and Goldman 1983, and Rabeni 1983). 
Although there is evidence that O^ virilis prefers rocky 
substrate, it is capable of constructing burrows (Hazlett, 
et.al. 1974). Because Orconectes species are proficient 
burrowers, the lake-like portion of the reservoir with its 
silty bottom, heavy macrophyte cover, and lack of competing 
Pacifastacus should be suitable habitat. The scarcity of 
Orconectes in these areas suggest that abiotic factors
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(Mason 1978, Momot 1984, and Lowery 1988) may be limiting 
the success of Orconectes in Noxon Rapids Reservoir.
Sex Distribution
Numbers of males and females were roughly equal in August. 
In early September however, females dominated the catch.
This is in accordance with a population studied by Mason in 
Berry Creek, a tributary of the Willamette River in western 
Oregon. In his study of adult Pacifastacus (TL > 45 mm), 
males dominated the catches throughout the year except in 
the late summer months (August and early September) when 
females made up a greater percentage of captured animals. 
Mason attributed this pattern to females increasing their 
activity to acquire food reserves for the summer moult and 
the following breeding season (Mason 1979).
Females of most populations of Pacifastacus spawn in late 
September or October (Mason 1970, Mason 1979, Lowery and 
Holdich 1988) ; and carry eggs attached to their pleopods 
through the winter. These eggs then hatch in May or early 
June and young-of-the-year crayfish abandon their mother 
after several weeks. Ovigerous and brood-bearing females 
are trap-shy or inactive (Mason 1979). Late August and 
early September are therefore critical periods in which 
females are especially vulnerable to trapping. It is 
possible that high fishing pressures at this time in several 
consecutive years could greatly reduce the breeding stock of 
a population and the subsequent production of young.
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Males are either more abundant than females in muddy or 
weedy substrates or they are more likely to be caught there 
than females. Pacifastacus are capable of traversing large 
distances ( > 700 m in 12 days) (Abrahamsson 1983), and 
there is evidence that male crayfish may travel longer 
distances than females (Hazlett, et.al. 1974). Since only 
three percent of all captures occurred in muddy or weedy 
substrate it is likely that these animals were transients 
moving between preferred habitats (Klosterman and Goldman 
1983) rather than residents.
Size Distribution
That captured males were larger than females was not 
surprising. It is well documented that female rates of 
growth lag behind that of males after attaining maturity 
(Lowery 1988). Mean carapace lengths of each sex differed 
slightly between the August and September replicates (table 
1.5). Several males with soft exoskeletons were found in 
the last few days of the September sampling period. If this 
is indicative of the normal male moult (which is usually two 
to three weeks before the female moult (Lowery 1988), the 
Noxon Rapids Reservoir population is roughly two weeks 
behind the Oregon populations studied by Mason (Mason 1979).
Size category was not independent of location, depth, or 
substrate (table 1.6). The latter three variables are 
confounded because the type of substrate is dependent upon 
both location (bank vs midriver) and depth. Rocky substrate
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is preferred by Pacifastacus and rubbly substrate is 
probably covered by sedimentation in the deeper, mid-river 
areas giving rise to "muddy" substrate in deeper, slower 
waters. Macrophytes must have light and soil to grow and so 
are limited to shallow ( < 16 m) water with sediments. 
Because Pacifastacus compete for rocky cover (Klosterman and 
Goldman 1983) which is mostly near the banks in this system, 
and the outcome of individual interactions is largely a 
function of size (Momot and Leering 1986), it is likely that 
smaller crayfish are less able to successfully compete with 
larger individuals and may be forced into suboptimal habitat 
away from the banks (table 1.6) (Mason 1979, and Momot and 
Leering 1986).
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CHAPTER II 
CRAYFISH BIOLOGY
Introduction
Crayfish influence the distributions and abundances of 
many aquatic species. Because juvenile crayfish prey 
heavily on aquatic insects they can greatly influence the 
species diversity and community composition of the benthic 
invertebrate fauna (Mason 1979). Similarly adults, which 
consume mostly plant material, affect the submersed 
macrophyte community and thus the physical parameters of the 
system in which other species must exist (Momot, et. al.
1978, Rabeni 1983, Carpenter and Lodge 1986, Goddard 1988, 
Hogger 1988, Lowery and Holdich 1988). Crayfish are also 
important sources of protein for many mammals and fishes 
(Hogger 1988); thus affecting the abundance and distribution 
of their predators as well.
Crayfish exhibit indeterminate growth. These animals 
typically increase in size until death, unlike determinate 
growers (birds and mammals) which reach an adult size early 
in their life-history and cease further growth. The large 
variation in size over an individual's life-span often leads 
to dramatic shifts in food or habitat use due to changing 
predation risks and resource utilization abilities. The 
growth of an individual is therefore related to the changing
20
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suites of competitors, predators, and prey items that are 
encountered as the organism passes along its growth 
trajectory (Werner and Gilliam 1984).
Fecundity is also a function of body size. A positive 
correlation is found between the length of a female and the 
number of ovarian and pleopodal eggs that are produced. 
(Lowery 1988). Berried females of this species average 
about 110 eggs with a maximum of about 400 eggs.
(Abrahamsson and Goldman 1970). Also, the age of sexual 
maturity can be greatly influenced by body size (Abrahamsson 
and Goldman 197 0). Crayfish reproduction can be viewed as a 
complex system in which sexual maturity and productivity may 
depend more upon the size of an individual than the age of 
that individual.
Annual production of crayfish in high latitudes is due in 
part to variations in amplitude and duration of food 
production and density independent mortality. In an Oregon 
stream Pacifastacus leniusculus production averaged 14 g/m^ 
per year (Mason 1979). Production of Pacifastacus in Lake 
Tahoe and in the Sacramento River was 103 and 310 g/m^ per 
year respectively (Lowery 1988).
The objectives of this chapter are to 1 ) determine the 
susceptibility of Pacifastacus to trapping over a 24 hour 
period, 2 ) describe the fecundity and seasonality of the 
breeding biology of female Pacifastacus in Noxon Rapids 
Reservoir and 3) estimate aspects of Pacifastacus population
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dynamics using the computer program ELEFAN (Electronic 
Length Frequency Analysis) designed and distributed by 
ICLARM (Gayanilo, Soriano, and Pauly 1989).
Materials and Methods
Trap Construction
The traps were constructed of 19 gauge, quarter inch ( 6  
mm) welded wire mesh. They consisted of a cylinder 3 feet 
(92 cm) long and 1 foot (31 cm) in diameter, with inserted 
funnels 9 inches (23 cm) in length at each end. The trap 
opening in each funnel was 3.5 inches (8.9 cm) +/- .25 
inches ( . 6  cm) in diameter during the 1990 field season. 
These dimensions are consistent with most traps used by 
local commercial fisherman (Thomas Aichlmayr, personal 
communication). Three sizes of trap apertures were used 
during the 1991 field season: 3.5 inches (8.9 cm), 2.5 
inches (6.4 cm), and 1.5 inches (3.8 cm) (See Chapter III: 
Trap Construction).
Continuous Sampling Experiment
A simple Latin square design consisting of three gangs 
(each with one of the three sizes of apertures mentioned 
above) of three traps placed at roughly 2 0  meter intervals 
was deployed along the bank at noon. The traps on each gang 
were spaced at 10 meter intervals. Every four hours the 
traps were retrieved and all crayfish captured were sexed.
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measured^ and removed from the traps. Damaged bait was 
replaced and the traps were put back into position as 
quickly as possible. The entire experiment was conducted 
for 48 hours with two replicates being obtained, the first 
on the west bank and the second on the east bank midway 
between the Deep Creek inlet and Finley Flats.
Breeding Bioloav of Female Pacifastacus
Fifty-four leniusculus females were collected from 
September 10 to 15, 1990 and preserved in 90% ethyl alcohol. 
The carapace length (CL), total length (TL) and wet weight 
(in alcohol) of each individual were recorded. The ovaries 
were then removed and the eggs they contained were counted 
under a dissecting scope. Linear regression was used to 
determine the ability of the variables (CL, TL, and wet 
weight) to predict the number of eggs present in an 
individual female.
Twenty-three females were captured July 13 and 14, 1991. 
Carapace lengths of adults and both carapace and total 
lengths of juveniles were recorded. Eleven berried females 
were taken November 10, 1991. Carapace lengths of the 
females was recorded and the pleopodal eggs of each female 
were removed and counted. A regression line was used to 
predict the log(1 0 ) of the number of pleopodal eggs a female 
of a given CL would be carrying. L o g (10) of the variables 
were used to give straight line regression equations which 
are standard in aquatic ecology studies.
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Population Biology Parameters
Population biology parameters are estimated in ELEFAN by a 
series of steps. Samples of length-frequency data are 
obtained at intervals and plotted sequentially in time. In
this instance I am using eight samples collected at biweekly 
intervals during the summer of 1991 and two samples 
collected in 1990 at transects 12 and 16 (figure 1.1) split 
by transect and sex (figure 2.1). A five-point running 
average is then super imposed over each length-frequency 
sample showing valleys (where the length frequency data are 
below the running average) and peaks (where the length 
frequency data are above the running average). The peaks 
and valleys created by this method are then used by ELEFAN 
as the data for estimating the population biology 
parameters. The sum of the peaks is calculated (available 
sum of peaks or ASP) to give the maximum amount of "points" 
attainable if the model fits perfectly. Values of L« 
(asymptotic length, i.e. the mean length reached by 
individuals if they were to grow forever) and K (growth 
constant, or the speed with which the individuals reach L„)
are used as "seed" values for the von Bertalanffy Growth
Function or VBGF (adjusted for seasonal changes in growth). 
The VBGF extrapolates the growth of the individuals in a 
given population backwards and forwards in time from the 
"seed" values (Pauly 1987).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25
Oscillating version of the von Bertalanffy Growth Function:
-KD(t-tJ + (CKD/27T) sin 2n (t-tj
L, = ( 1  - e
where L* is the predicted length at age t,
Loo is the asymptotic length,
K is the growth constant,
D is a "stress factor" constant,
C is a factor expressing amplitude of the growth 
oscillations, 
to is the "age" the individual had at length zero, 
t, sets the beginning of the sinusoidal growth 
oscillation (Pauly 1987).
The lines created by the VBGF are traced (through time) 
over the peak and valley data mentioned previously. Points 
are accumulated where this line intersects peaks and lost 
where they intersect valleys. This sum (explained sum of 
peaks or ESP) is divided by the available sum of peaks (ASP) 
and the ratio is used as an indication of the "goodness of 
fit" of the seeded parameters (Pauly 1987). ELEFAN does 
this in a repetitive fashion given ranges of growth 
parameters and indicates those combinations of parameters 
with the highest ESP/ASP ratio (Pauly 1987 and Gayanilo 
et.al. 1989).
Growth parameters can then be entered into another routine 
to give estimates of mortality, probabilities of capture, 
and relative yield and relative biomass per recruit (plotted 
against exploitation rate) (Pauly 1987 and Gayanilo et.al. 
1989). It should be noted that the validity of the results 
depend upon the assumption that the age distribution in the
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population is stable. Because no commercial harvests have 
been conducted in Noxon Rapids Reservoir since 1988 I feel 
this condition is satisfied.
Biweekly sampling data from 1991 and two samples from 
1990 at sites 12 and 16 were used as the data set. Samples 
from 1990 and November, 1991 (when only 9 traps instead of 
18 were set) were multiplied by 1.5 to maintain an 
equivalent level of fishing effort (trap-nights) between all 
samples. The second gang placed typically caught only one 
half of what the upstream gang captured. Any sample with 
less than 1 0  individuals was removed from the data set 
(figures 2 . 1  a,b,c,d).
Data Analysis
The data were analyzed using the SPSS-X (release 4) 
statistics package on the VAX/VMS computer system at the 
University of Montana. Graphs were created on Macintosh PCs 
using Cricket-graph. Population biology parameters were 
estimated with the ELEFAN (Electronic LEngth Frequency 
ANalysis) program (version 1.11) produced by ICLARM 
(International Center for Living Aquatic Resources 
Management).
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Results
Continuous Sampling Experiment
Thirty-one crayfish were captured in the first replicate 
on the west bank and 1 0 1  were captured in the second 
replicate on the east bank for a total of 132 crayfish. 
Capture rates were highest between the hours of 2 000 and 
2400, lowest between the hours of 1200 and 1600, increased 
after dusk ( 2 0 0 0  hours) and decreased after midnight (figure
2.2). Dawn occurred at approximately 0800 hours.
Breeding Bioloav of Female Pacifastacus
The carapace length (CL), total length (TL), wet weight in 
alcohol (grams) and number of internal (pre-spawned) eggs of 
54 Pacifastacus females were measured. Only one of the 54 
individuals did not contain eggs (CL = 45). Large, yolky 
masses of immature eggs were found in 7 females (CL = 
41,49,53,62,66,67 and 73), and a single individual had 
blackened (diseased) eggs (CL = 64). Because their eggs 
were uncountable all nine of these females were omitted from 
the data set. Regressions of egg numbers on size parameters 
were obtained for the 45 remaining individuals. Carapace 
length explained 98% of the variation in total length 
(sometimes used in other studies instead of carapace length) 
(figure 2.3), and log(10) CL explained 97% of the variation 
in log(10) weight, and 73% of the variation in log(10)
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number of pre-spawned eggs (figure 2.4). Variability in egg
number increased with increasing size of the females.
Only two females bearing juveniles on their pleopods were 
captured during this study on July 13 and 14, 1991. One 
female at site 16 (63 mm CL) had seven young all with a CL
of 5 mm (total length of 11 m m ) . Another female at site 12
(63 mm CL) had four juveniles (CL = 4 mm and a total length 
of 8  m m ) . No juveniles were captured at any other date.
One berried female (58 mm CL) was captured on October 13, 
1991 at site 16. Eleven more berried females were captured 
on November 10, 1991 (six at site 12 and five at site 16) 
comprising 30% of the total females taken. They ranged in 
size from 56 to 67 mm CL. Ranges for the numbers of eggs 
carried was 235 - 492. Consequently, at least some portion 
of the female population is engaged in a reproductive 
activity from early October until mid-July.
It appeared that the largest female (CL = 67) had lost 
many of her eggs so she was dropped from the regression 
analysis. The regression equation for predicting log(10) 
number of pleopodal eggs a female would be carrying from 
log(10) CL had an R squared value of .33 (figure 2.5). 
Population Bioloov Parameters
ELEFAN estimates of most population biology parameters 
yielded similar results for crayfish from sites 1 2  and 16.
L* was greater for males (85-90 mm C.L.) than for females 
(75-83 mm C.L.) as was K, the growth constant (0.40-0.45 for
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males and 0.35-0.40 for females) (figure 2.6). L* was 
higher in females at site 16 (81-83 mm) than at site 12 (75- 
76 m m ) . ESP/ASP values (see Methods and Materials) were 
higher for males and females at site 16 (.152 and .167) than 
at site 12 (.129 and .140 respectively). Unfortunately, 
estimates of standard errors are not available in ELEFAN.
The estimated number of year-classes present (excluding 
young-of-the-year) varied between sites and sexes. Five 
year-classes were present for males and females at site 16. 
Males at site 12 had four year-classes present while females 
had six present. Crayfish also seemed to be recruited 
earlier to the fishery (50% vulnerable to the gear) at site 
12 (C.L. = 54 mm for males and 56 mm for females) than at 
site 16 (C.L. = 6 8  mm for males and 62 mm for females). The 
instantaneous rate of natural mortality, M, (assumed to be 
equal to Z in this instance because no mortality was due to 
the fishery) was higher at site 16 (approximately 1.92 +/- 
.06 for males and females) than at site 12 (1.50 +/- .05) 
(table 2.1). This translates to an annual survivorship for 
adult crayfish of 22.3 % at site 12 and 14.7 % at site 16.
Using capture probabilities (figure 2.7) and estimates of 
M, K, and L* ELEFAN is able to estimate the exploitation 
rate at which the maximum relative yield per recruit (E^) 
will occur as well as the relative biomass per recruit (i.e. 
standing stock) remaining at an exploitation rate of 50%
(E0.5 ) . E values were 0.69 for males and females at site
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16; and 0.59 and 0.64 for males and females at site 12. E0.5
was estimated at 0.26 for both sexes at site 16, 0.31 for 
males at site 12, and 0.25 for females at site 12 (Table
2.2). Maximum relative yield per recruit was seven times 
higher for females and 14 times higher for males at site 12 
than at site 16 (figure 2.8). Little variation in the 
amount of relative biomass per recruit against exploitation 
rate was found between sexes or sites (figure 2.9).
Discussion
Continuous Sampling Experiment
While the majority of the animals were captured during the 
night (specifically between 2000 and 2400 hours) about 30% 
were captured during the day. Using bait with a long period 
of attraction and special trap apertures to prevent escape 
should allow traps to operate more effectively during 
daylight hours. If expensive or time consuming trap 
modifications and expensive bait are necessary for daylight 
fishing it is unlikely to be economically feasible for this 
marginal commercial fishery.
Breeding Bioloqv of Female Pacifastacus
The large number of eggs produced by female crayfish in 
this population demonstrates an enormous potential for 
recruitment. One individual contained 748 pre-spawned eggs 
and 7 others had more than 500 eggs. Numbers of pleopodal
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eggs (235-492) were also high when compared to ranges of 90- 
251 carried reported in the literature (Mason 1979, Thorpe 
and Covich 1991).
In the absence of information concerning juvenile survival 
of this population to age one it is difficult to determine 
the implications of this increased egg production. Mortality 
is generally higher for juvenile crayfish than for adults. 
Estimates of survival (to two years of age) from populations 
in the Sacramento River, southern England, and Sweden range 
from 21 to 3 3 per cent (Lowery and Holdich 1988). Since 
estimates of annual survival for adults in this population 
are 14 to 22 percent it is likely that juveniles suffer a 
much lower survival rate. It is likely that the increased 
egg production is necessary to maintain recruitment at 
current levels in this system.
Since 30 percent of the females taken in November were 
berried it is possible to damage the juvenile recruitment by 
exploiting these females. However as regulations specify 
that berried females are to be returned to the river by 
commercial fishermen this should not be of much concern.
The eggs are difficult to remove by hand so sorting on the 
commercial vessels should not cause undue mortality to the 
eggs. Year class strength may be controlled by density 
dependent (cannibalism, predation, or intraspecific 
competition) or density independent (temperature, nutrient 
availability, or suitable substrate) factors. If cannibalism
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and intraspecific competition are important factors 
governing juvenile recruitment then removal of adults by the 
commercial fishery might improve survivorship of both 
juveniles and young adults.
Only nine percent of the females captured in early July 
were carrying juveniles. Significant mortality probably 
occurs to the young of a trap-caught female because of 
increased chances of cannibalism due to the close proximity 
of large adult crayfish. The very low CPUE of female 
crayfish at this time should limit the impact of trapping on 
juvenile mortality (see CHAPTER II).
Population Bioloav Parameters
Parameters estimated by ELEFAN have fairly low ESP/ASP 
ratios (.129 - .167) as compared to some other studies: .457
for penaeid shrimp (Pauly 1987) and .42 for the fish Upeneus 
moluccensis (Gayanilo, et.al. 1989). Large numbers of 
crayfish (> 5000 individuals) caught throughout the year 
would no doubt improve the (ESP/ASP) ratio. I am fairly 
confident that the parameters mentioned are within reason 
after comparing the projected growth curves with values 
found in the literature (age 0 = 13-21 mm C.L. and age 1 = 
24-46 mm) (Mason 1979) and (age 3 = 28-62 world-wide)
(Lowery 1988). This population is among the fastest growing 
of any listed and reaches a much larger individual size.
It should be noted that these results are strictly 
preliminary. Some researchers propose that the use of
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length-frequency data to estimate age composition of 
crayfish populations has led to only limited success in 
studies which did not adhere to four tenets governing data 
accumulation: 1 ) only crayfish collected on rocky
substrates should be used, 2 ) crayfish captured with traps 
should be excluded, 3) species exceeding four years as 
maximum age should be excluded, and 4) sample sizes must be 
greater than 200 (France, Holmes and Lynch 1991). My ELEFAN 
data set violates tenets two and three.
Site 16 seems to be equally valuable to both males and 
females. They have similar growth constants, mortality 
rates, number of age classes, and relative yield per 
individual patterns. At site 12 growth and mortality rates 
for males are still similar to that of females, but males 
have a maximum yield per recruit about four times higher 
than females and only four year-classes are present instead 
of the six female year-classes (all excluding age 0  
crayfish) present. This suggests that male and female 
crayfish utilize site 12 in different ways. The largest 
males are evidently leaving the area and the low L„ value of 
females (as compared to females at site 16) may be an 
indication of stunting for females at this site. ELEFAN 
predicts that heavy exploitation of crayfish (0.6 - 0.7) 
would maximize Yield / Recruit but would reduce the standing 
crop (Biomass / Recruit) of crayfish to between 10 and 2 0 
percent of the current, unexploited stock.
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CHAPTER III
EFFECT OF TRAP APERTURE SIZES ON SELECTIVITY,
CAPTURE, AND ESCAPE RATES OF 
Pacifastacus leniusculus
Introduction
Trapping is a simple, efficient, cost effective method of 
sampling crayfish populations (Miller 1990, Stuecheli 1991). 
The majority of past studies have used only one aperture 
size in their sampling gear (Stuecheli 1991). Recently 
there has been evidence that using a single aperture size 
may bias population statistics. For example, sex ratios may 
be skewed and average size of crayfish may be incorrectly 
estimated. Catch Per Unit Effort may be dependent on the 
size of trap apertures as well as the population density, 
and the size distribution of trapped animals might be much 
narrower than the size range of animals in the population 
(Miller 1990, stuecheli 1991).
Trapping bias may be due to a variety of factors. The 
velocity which a decapod can maintain is dependent upon its 
size. Larger animals are able to cover a greater distance 
than smaller animals as they follow attractants to the trap, 
giving traps a greater effective fishing area for the larger 
animals (Miller 1990). Dominance of large males over
34
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females and smaller males can also lead to trapping bias. 
Because dominant crayfish might defend a food resource and 
therefore exclude others from the trap, an over­
representation of large males and a consequent under­
representation of small males and females in the traps might
result. Undersampling in the traps might also be caused by
the inability of large animals to enter small trap apertures 
(Miller 1990, Stuecheli 1991). Differential attractiveness 
of the bait to animals differing in size or sex, or the 
repulsion of late-comers due to the odor of large numbers of 
conspecifics already at or near the trap might also 
influence which individuals are captured (Miller 1990).
The objectives of this report are to 1) evaluate trap bias 
with Pacifastacus leniusculus by using three different trap 
aperture sizes, 2 ) to determine escape rates of crayfish 
from the three trap aperture sizes, 3) to compare the data 
obtained using three aperture sizes with results from the 
1990 study of Noxon Rapids Reservoir, 4) to evaluate these 
results with regard to the commercial fishery, and 5) to 
evaluate these results as a potential management tool for 
regulating the commercial fishery.
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Materials and Methods
Description of Study Site
The study was conducted in the riverine section of Noxon 
Rapids Reservoir downstream from the Graves Creek inlet and 
upstream of Childs. Samples of the population were taken on 
the west bank at sites 1 2  and 16 and the controlled aperture 
size - depth experiment was conducted near site 13, 50 
meters upstream of the Deep Creek inlet (figure 1.1). The 
escape rate experiment took place on the east bank midway 
between Deep Creek inlet and Finley Flats.
Trap Design and Measurements
The traps used to sample crayfish were cylinders 3 feet 
long (92 cm) and 1 foot (31 cm) in diameter with inserted 
funnels 9 inches (23 cm) in length at each end. The traps 
were constructed of 19 gauge, quarter inch ( 6  mm) welded 
wire mesh. The trap openings were of 3 different diameters: 
large apertures 3.5 inches (8.9 cm) +/- .25 inches ( . 6  cm), 
medium apertures 2.5 inches (6.4 cm), and small apertures 
1.5 inches (3.8 cm).
The large aperture traps are consistent with traps used by 
commercial fisherman in past years. The medium and small 
trap aperture sizes were constructed in an attempt to catch 
larger numbers of smaller crayfish. Because any single 
aperture size might be biased towards catching or excluding 
segments of the population, sampling populations of decapods
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with multiple aperture sizes should give a better estimate 
of actual size class components than sampling with a single 
aperture size (Miller 1990).
All captured animals were sexed and carapace length (CL) 
measured to the nearest millimeter. I also noted if the 
females were berried or carrying young. The eggs of berried 
females were counted. Young crayfish carried by females 
were counted and measured to the nearest millimeter.
Fresh pieces of fish (sucker, squawfish, peamouth, and 
perch) were used as bait.
Trap Aperture Experiment
A paired latin square design 2 X ( 3 X 3 )  varying trap 
aperture (3.8, 6.4, and 8.9 cm) and depth (distance from 
shore) was used to measure selectivity of the fishing gear 
(Figure 3.1). Each gang was anchored at 2 0 meter intervals 
and consisted of three traps attached 1 0  meters apart down 
the length of the line with the first trap being 1 0  meters 
off-shore. Each cell combination in each latin square was 
determined randomly and remained fixed throughout the course 
of the experiment. A gang was placed 20 meters on either 
side of the paired latin square in an attempt to reduce up- 
and down-stream effects by ensuring that every gang in the
experiment would have a gang on either side of it.
Approximately equal amounts of suckers, squawfish, 
peamouths, or perch were used as bait. Due to the
difficulties of obtaining a constant supply of bait fish the
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bait types were distributed among the traps so that no 
aperture size or depth category received a preponderance of 
one kind of bait.
Escape Rate Experiment
Captured crayfish were divided into three groups by 
carapace length: small ( < 50 mm), medium (52 - 63 mm), and 
large ( > 65 m m ) . Two crayfish from each size were placed 
into a trap for a total of six crayfish per trap. This was 
done for all three aperture sizes (3.8, 6.4, and 8.9 cm).
The traps were pulled every 24 hours for the next three days 
and numbers of crayfish in each size category remaining 
within the individual traps were recorded. Each 
experimental animal was marked by clipping a small 
triangular notch out of the posterior edge of the telson or 
uropod so that any new entrants into the traps would be 
identifiable. The entire experiment was replicated 20 times 
for a total of 40 crayfish of each size category placed in a 
trap of each aperture size. Crayfish were held without food 
for at least 3 6  hours prior to the experiment to insure a 
relatively constant desire to exit the traps.
Biweeklv Sampling at Sites 12 & 16
Two gangs were located about 100 meters apart at each of 
sites 12 and 16 (figure 1.1). Each gang consisted of nine 
traps placed at 1 0  meter intervals for a total of 18 traps 
at each site. The aperture sizes of the traps were blocked 
in groups of three to prevent the possibility of having all
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traps of one size near the shore or in the middle of the 
reservoir channel. Aperture of traps within blocks were 
randomly assigned between sampling dates. In all cases 
except one the gangs were set in the evening and retrieved 
the following morning. Traps four through nine were lost 
from the upstream gang of site 12 on September 8  (the fifth 
sampling date) and recovered the following day. Because the 
numbers in the catch did not appear to differ from the other 
samples which trapped for only one night, these animals are 
also included in the data set. Samples were obtained from 
July until September at roughly two week intervals and one 
sample was taken in October and one in November. Because of 
the extreme cold in November only the upstream gangs at each 
site were sampled. Samples were obtained on eight 
occasions.
Results
Trap Aperture Experiment
During this experiment 24 5 males and 278 females were 
captured for a total of 523 individuals. Approximately 
equal proportions of males and females were found within 
each of the following variables: aperture sizes, position
offshore, gang number, and type of bait (table 3.1). Traps 
with small apertures caught few large males, the full size 
range of females, and no more small crayfish than did medium
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or large traps which caught the full size range of males 
(27-79 mm CL) and females (28-70 mm CL) (table 3.3). Catch 
Per Unit Effort for both sexes in this experiment was 4.36 
for medium sized apertures, 3.63 for large sized apertures, 
and 3.00 for small sized apertures. Smaller crayfish were 
caught in deeper water. The traps 20 m offshore caught the 
most crayfish: CPUE (10 m < 30 m < 20 m) (table 3.2).
One-way ANOVA tests indicated that mean female carapace 
lengths did not differ significantly with aperture size or 
type of bait used, but did differ with the offshore position 
of the trap (P = .02) [10 ro = 54.0 mm, 20 m = 53.4 mm, and
30 m = 50 .3 mm] and the gang number (location along the 
bank) (P = .004) (table 3.3). Mean male carapace lengths 
differed with aperture size (P = .003) [3.8 cm = 51.0 mm,
6.4 cm = 57.3 mm, and 8.9 cm = 61.1 mm] and position 
offshore (P <.001) [10 m = 61.1 mm, 20 m = 56.0 mm, 30 m =
51.3 mm], but not with bait used or gang number (table 3.3).
A two-way ANOVA of aperture size and position on carapace 
length of all crayfish (male and female combined) revealed 
that both variables were highly significant and that a 
significant interaction between the two variables (P = .032) 
also exists (table 3.4). Graphs of mean carapace lengths 
with 95% simultaneous confidence intervals (figure 3.2) show 
that the interaction is due to small aperture traps catching 
much smaller individuals 2 0  meters from shore than the 
medium sized aperture traps, but nearly equal sizes at 1 0
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and 30 meters from shore. i am unable to find any 
reasonable biological explanation for this pattern.
Different aperture sizes did not catch significantly 
different sizes of crayfish 30 meters from shore (figure 
3.2) .
Escape Rate Experiment
Cumulative numbers of crayfish escaping increased with 
time (day 1 < day 2 < day 3) for all size categories and 
aperture sizes. Rates of escape for crayfish size 
categories was small > medium > large in all cases. Small 
aperture traps had the smallest rates of escape after 3 days 
(5-15%), large aperture traps the largest (63-93%), and 
traps with medium sized apertures had intermediate rates 
(18-75%) (figure 3.3).
Five crayfish entered the traps during the experiment; 
two large and one medium sized animal entered large traps, 
and two small individuals entered small traps. No animals 
entered the medium sized traps. Animals entering the traps 
were not removed from the traps, but were excluded from the 
escape rate data. Four crayfish died during the course of 
the experiment: one small crayfish in large aperture traps,
one large crayfish in medium aperture traps, and one small 
and one medium in small aperture traps. Dead individuals 
were counted as not escaping and were not removed from the 
traps. Of the four dead animals only one large and one
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small crayfish had been partially eaten by the remaining 
crayfish.
Biweekly Sampling at Sites 12 & 16
Crayfish were far more abundant at site 12 (250 males and 
205 females) than at site 16 (139 males and 172 females).
The sex ratios at the two sites were significantly different 
(Chi-square statistic = 1,11, P = .005). Mean carapace 
lengths of crayfish were larger at site 16 than at site 1 2 : 
males 62.3 mm versus 56.9 mm and females 59.4 mm versus 
54.1 mm (P < .0005, t-test with separate variance 
estimates). Because of these differences sites 12 and 16 
were separated for the following analysis-
Differences in carapace lengths of females were greatest 
between sampling dates (P < .001) (Kruskal-Wallis One-Way 
ANOVA) and at site 16 also by position of the traps (P < 
.001) (table 3.5). Differences in carapace lengths of males 
were statistically significant for sampling date (P = .004) 
and aperture size (P = .002) at site 16 and for trap 
position at transect 12 (P < .001). Type of bait was not 
statistically significant for any group (table 3.5). The 
number of sublegal crayfish (< 4 5 mm) captured was 60 at 
site 12 (13.3 %) and 17 at site 16 (5.5%).
Two-Way Analysis of Variance of sampling date and position 
on carapace length for each combination of sex and site 
showed: 1 . differences in carapace length of males was
greatest between positions at site 12 (P < .001) and
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sampling date at site 16 (P < .001), 2 . differences in 
female carapace lengths were significant between sampling 
dates at both sites 12 and 16 (P = .001 and P < .001 
respectively) and positions at site 16 (P < .001), and 3. 
evidence for an interaction between sampling date and 
position was found for males at both sites (P = .035 at site 
12 and P = .043 at site 16), while no such interaction was 
found with females (P = .128 and P = .482 respectively) 
(table 3.6).
Total Catch Per Unit Effort (both males and females 
included) was large trap apertures (4.29 and 2.74) > medium 
trap apertures (3.37 and 2.40) > small trap apertures (2.45 
and 1.78) at transects 12 and 16 respectively (figures 3.4a 
and 3.4b). CPUE was highest in the November samples for 
males at sites 12 (4.22) and 16 (3.44) with a smaller peak 
in early August (2.44 and .94 respectively). Females showed 
the greatest CPUE in early September at site 12 (2.50) and 
late September at site 16 (3.17). A second, slightly weaker 
peak was observed in the November sample for females at both 
sites ( 1.89 at site 12 and 2.22 at site 16). CPUE was low 
for both sexes at both sites in early July, males also had 
low values in late August, and females had low values in 
early August (figures 3.5a and 3.5b).
Comparison with 1990 Results
Kruskal-Wallis one-way ANOVA tests were conducted to 
determine differences in carapace lengths of crayfish
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sampled at sites 12 and 16 in August and September of 1990 
and 1991. The Kolmogorov-Smirnov test for common 
distribution was used to determine if the samples were 
distributed similarly (Bonferroni corrections were used to 
give an overall alpha of .05). Because the August sample 
at site 16 in 1990 was conducted in a different manner and 
caught only three crayfish it was removed from the analysis. 
The September 1990 sample dates fell between the sample 
dates in 1991 so both early and late samples in September of 
1991 are used for comparisons.
At site 12 the mean carapace length of captured crayfish 
did not differ between the August and September samples of 
1990. Neither did the average length differ between August 
of 1990 and August of 1991, or between the September 1990 
and the two September 1991 samples (table 3.7). Kolmogorov- 
Smirnov tests indicated no significant differences between 
months of a given year or between years at this site (table
3.8) .
At site 16 the sizes of crayfish were larger in September 
of 1991 (mean CL = 62.6) than in August (mean CL = 54.5) of 
the same year (P = .01) or September of 1990 (mean CL =
58.8) (P = ,002) (table 3.7). The size distribution of 
crayfish taken September 14, 1990 (32-74 mm CL) were smaller 
than those taken September 7, 1991 (45-75 mm CL) (P = .001) 
(table 3.8). No other differences in size distribution were 
significant.
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Discussion
Trap Aperture Experiment.
This experiment demonstrates that the aperture size used 
to trap crayfish and the offshore distance, i.e. depth of 
the trap, can significantly affect the average size of 
crayfish captured. Aperture size influenced the average 
size of the catch by restricting the entrance of the largest 
individuals (males) into the smallest (1.5 inch) aperture 
traps. Average size of individuals did not differ between 
the medium (2.5 inch) and large (3.5 inch) apertures. It is 
therefore highly unlikely that there are even larger 
individual crayfish in the population which are not 
vulnerable to this gear, because if larger individuals were 
present they should still be able to enter the large traps.
Male and female crayfish captured 3 0 meters from shore 
were smaller than those captured 10 meters from shore. This 
is likely due to the large, rocky substrate located near the 
bank in this system. This situation may not occur at other 
locations where substrate types may be more patchily 
distributed. Crayfish are known to compete for cover (Momot
and Leering 1986) and, since the outcome of interactions
between individuals favors the larger crayfish, small males 
are probably excluded from these preferred habitats by large 
males. Why females are not excluded from these areas to the
same extent is unknown.
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Escape Rate Experiment
In the 3.5 inch aperture traps conunonly used by commercial 
fisherman 40-60% of all sizes of crayfish escaped after one 
day and 63-93% escaped after three days (figure 3.3). since 
comparatively few crayfish entered traps lacking bait and 
dead conspecifics did not seem to be highly valued as food 
items, the loss of commercial traps probably results in only 
a very small amount of mortality to the population and the 
phenomena known as "ghost trapping" is not likely to occur 
within this system. In fact the presence of dead animals 
has been shown to reduce the number of conspecifics entering 
traps in several species of crab and lobster (Miller 1990).
Medium (2.5 inch) traps allow high escape rates for small 
crayfish and fairly low escape rates for larger animals from 
day 1 to day 3 (Figure 3.3). This trap aperture size might 
be effective for the commercial fisherman because escape 
rates of commercially valuable animals are low within the 
first 24 hours and small nonvaluable animals effectively 
remove themselves from the catch before the gear is 
reclaimed, assuming that bait is no longer attractive.
Small (1.5 inch) traps have very low escape rates for all 
crayfish size classes after all time periods (Figure 3.3). 
The loss of one of these traps by a commercial fisherman 
would probably result in a high rate of mortality for all 
crayfish that entered the trap. It is not likely that 
commercial operations (with the possible exception of
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harvesting crayfish to sell as bait for game fishes) would 
wish to use traps with small aperture sizes.
It is clear that small crayfish can more readily escape 
from any trap than can larger individuals and their numbers 
are probably underestimated. Providing estimates for this 
discrepancy is difficult because 1 . entry rates into the 
traps are also size dependent, 2 . it is likely that entry 
rate varies seasonally between crayfish size/year classes, 
and 3. it is not known for how long the bait used in the 
fishery remains attractive to crayfish.
Biweekly Sampling at Sites 12 and 16
Only 45 percent of the crayfish captured at site 12 were 
female as compared to 55 percent at site 16 (Chi square, P =
.005). Variations in habitat might account for this
difference (Flint and Goldman 1977), or it might be the 
result of competition differences between sites 1 2  and 16. 
Crayfish may be moving between locations as they select 
habitats favorable to their sex and changing sizes.
The average size of the catch was heavily influenced by
the date on which the animals are captured and the position 
of the trap. Factors influencing average carapace length of 
a population vulnerable to trapping gear could include the 
quality and availablilty of alternative food sources to the 
bait, differential vulnerability due to synchronized molting 
of year or age classes, differential vulnerability due to 
females carrying eggs or juveniles, and density dependent
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effects such as competition for shelter and food (Mason 
1979, Lowery 1988, and Miller 1990). All of these are 
probably involved in the temporal variations observed in 
this study.
Catch Per Unit Effort was highest for the large aperture 
traps and lowest for the small aperture traps. This 
occurred for all sexes at both sites and contradicts the 
aperture experiment results which indicated that medium 
aperture traps had the highest CPUE (figures 3.4 and 3.5). 
Catch rates of large and medium aperture sizes are probably 
very similar in this system, but might vary due to localized 
crayfish population and abiotic parameters.
CPUE for sampling dates shows that crayfish are least 
vulnerable to trapping in early July and around mid-August 
(females in early August and males in late August or early 
September) (figures 3.5a and 3.5b). The first decrease is 
probably due to the huge amounts of submersed macrophytes 
found in the reservoir at this time providing a super­
abundance of food. The second decrease I believe is due to 
synchronous molting of first females in early August and 
then males in late August. Crayfish with soft carapaces 
were found in the catch at these times. CPUE for females 
seemed to be high when male CPUE was low in August. If most 
males are molting during this time females may be using this 
period as a window of opportunity to accumulate energy
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reserves for the breeding season while male competitors are 
not actively feeding.
High capture rates in November may indicate an increase in 
feeding activity before the winter months. Decreasing 
productivity of the reservoir's macrophytes in might make 
bait more attractive as crayfish attempt to gather energy 
reserves to last through the winter. Alternatively, if 
macrophytes provide obstacles to crayfish movement, the 
decreasing productivity of the vegetation might allow for 
more crayfish to reach the traps which would also show up as 
an increase in CPUE.
It should be noted that in the November sample the surface 
water temperature was 4 to 5 ®C and the crayfish showed few 
signs of moving more slowly because of a slowing metabolism. 
Water temperatures cannot decrease much beyond this point 
and it is my opinion that these animals are fairly active 
all winter long. Orconectes virilis were found to be 
actively foraging throughout the winter in the Yellow Bay 
area of Flathead Lake though they were moving slowly 
(personal communication from Susan Varrelman and Mike Pol at 
the Flathead Lake Biological Station).
Comparison With 1990 Results
Sample site 12 seems to be very stable in its size 
composition between years, and since none of the 
distributions seem to have changed between any of the 
comparisons at site 1 2  it is an excellent choice of location
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for further crayfish population studies in Noxon Rapids 
reservoir should they be required. Overharvesting should 
first lead to increased growth rates, which would be 
detected as large differences in the average size of the 
catch between months. Intense overfishing would harvest 
larger individuals to the point that the average size of 
crayfish would drop to near the minimum legal size for 
commercial harvest (carapace length = 45 cm).
Sample site 16 seems to be much more in a state of flux. 
Increased average size of the catch occurred between 
September 13, 1990 and September 7, and 19, 1991 (P = .002). 
The distributions of the September 13, 1990 and September 7, 
1991 were also different (P = .001) (tables 3.7 and 3.8).
It is possible that site 16 is still experiencing the 
effects of the commercial harvest in Noxon Rapids Reservoir 
during the summer of 1988.
Commercial Fisherv Implications
Commercial fisherman seem to be using near optimum 
aperture sizes for 24 hour trapping schedules. Some 
improvements might be made in the type of bait used and in 
the construction of traps which reduce the numbers of 
crayfish able to escape from the large 3.5 inch apertures. 
Many different designs for gear such as this is available in 
the literature.
Management Implications
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Regulating aperture size does not seem to be a very useful 
tool for managing the commercial fishery unless saving large 
males from capture is for some reason desirable.
Restricting the length of the season is a more 
straightforward method of regulating the numbers of crayfish 
taken by a commercial operation. It is my opinion that a 
moderate fishery will not deleteriously impact the crayfish 
in Noxon Rapids Reservoir, and may in fact benefit game 
fisheries by providing more small crayfish which can be 
utilized as food. The reproductive potential of this 
population seems to be much higher than the potential of 
other studied populations. Other crayfish populations have 
proven resilient to commercial fisheries, and since the 
commercial operation is marginal at best and the largest 
individuals are the ones of most economic importance I would 
suspect that the loss of large individuals would make this 
fishery unprofitable. This feature should build a certain 
amount of self-regulation into the fishery.
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TABLES
Table 1.1 Catch Per Unit Effort (1990).
Site Month CPUE SE
Lake
August
September
Total
. 2 1  . 1 0  
.33 .18
.27 .10
River
August
September
Total
1.39 .23 
3.38 .55
2.42 .31
Table 1.2 Number of Pacifastacus caotured bv month and sex 
(1990).
Month Sex # captured
August Total
Male
Female
123
67
56
September Total
Male
Female
301
1 1 1
190
Table 1.3 Sex ratios for 
September, 1990
the months of August and
Ratio (Female ; Male) Hypothetical ratio P value
56 : 67 1  : 1 .367
190 : 111 1  : 1 . 0 0 1
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Table 1,4 Chi-square tests of sex by measured variables 
(1990).
Variable Percent
Female
Total
Number
Chi-square
statistic
P
Site 1.30 . 255
Lake 50 44
River 59 380
Substrate Type 4.09 .043
Clean 59 411
Muddy or Weedy 31 13
Location . 53 .466
Mid-river 55 116
Bank 59 308
Depth Category 6.19 . 186
0—5 62 1 2 2
6 - 1 0 55 157
11-15 60 58
16-20 70 40
2 0  + 45 47
Slope Category 3 . 39 .336
00-15 52 91
16-30 62 142
31-45 60 143
46 + 52 48
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Table 1.5 T-tests mean carapace lengths of Pacifasticus
groupings (1990).
Group n mean SD 2 -tailed t P
Total
Male
Female
178
246
62.34
58.46
9.9
6 . 6
4.55 < . 0 0 1
Males
August
September
67
1 1 1
61. 37 
62.93
10. 9 
9.3
- .97 . 33
Females
August
September
56
190
59.86
58.04
7.4
6.3
1.67 . 1 0
Males
River
Lake
156
2 2
62.87 
58. 64
9.3
13.0
-1.47 .15
Females
River
Lake
224
2 2
58. 60 
56.95
6.5
7.3
- 1 . 0 1 .32
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Table 1.6
59
Chi-square tests of carapace length categories 
by measured variables (1990).
Variable degrees Chi-square P
freedom statistic
Site Category 3 10. 33 .016
Substrate Type 3 1 1 . 0 0 . 0 1 2
Location 3 16.78 < , 0 0 1
Depth Category 1 2 23.86 . 0 2 1
Slope Category 9 13.45 . 143
Table 1.6a Column percentages of variables within carapace
length categories.
< 46 47- 56 57-66 > 67
Site Category
Lake 29 13 07 1 1
River 71 87 93 89
Substrate Type
Clean 8 6 96 99 97
Mud or Weed 14 04 0 1 03
Location
Bank 52 64 73 87
Mid-river 48 36 27 13
Depth Category
00-05 24 27 25 42
06-10 28 34 39 38
11-15 14 1 2 15 1 1
16-20 1 0 1 1 1 2 0 2
2 1  + 24 16 09 07
Slope Category
00-15 38 23 2 2 16
16-30 38 34 34 30
31-45 05 34 33 42
46 + 19 09 1 1 1 2
Total Crayfish
Numbers 2 1 104 209 90
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Table 1.7 Comparisons of Lake and River transects (1991). 
Data from all traps set (successful and 
unsuccessful) n = 318.
Variable degrees 
of freedom
Chi-square
statistic
Substrate Category 2 41.7 < . 0 0 0 1
Depth Category 4 8 . 2 .085
Slope Category 3 31.4 < . 0 0 0 1
Table 1.7a Column percentages of variables in lake-like or
riverine transects.
Lake-like Riverine
Substrate Category
Clean 63 92
Mud or Weed 37 08
Depth Category
00-05 41 32
06-10 25 25
11-15 1 0 18
16-20 03 07
2 1  + 2 1 18
Slope Category
00-15 49 32
16-30 18 2 0
31-45 07 34
46 + 09 08
Missing because
of depth > 2 1 17 06
Total Number of Traps 161 157
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Table 2.1 Population biology parameters for crayfish at 
sites 1 2  and 16 as estimated by ELEFAN.
L K Year
Classes
ESP
/ASP
M L 50 ®nuw ^0.5
Males
Site 12 90 .42 4 . 129 1.55 54.3 0.59 0.31
Site 16 8 8 .40 5 . 152 1.98 68.7 0.69 0.26
85 .45 5 .152 1.87 6 8 . 3 0.69 0.26
Females
Site 12 76 . 38 6 . 140 1.50 55. 9 0.64 0.25
75 .40 6 . 141 1.46 55. 6 0. 64 0.25
Site 16 83 .35 5 . 167 1. 96 62 . 0 0. 69 0.26
81 .38 5 . 167 1.89 61.7 0. 69 0 . 26
* Year Classes are the estimated number of cohorts in the 
population (excluding young-of-the-year crayfish).
* L50 is the length at which crayfish are 50 % vulnerable to
the trapping gear (see Figure 2.6).
* E ^  is the exploitation rate at which the maximum yield
per recruit is obtained (see Figure 2.7).
* Eo.5 is the relative biomass per recruit (standing stock) 
remaining at an exploitation rate of 0-5.
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Table 3.1 Chi-square tests of sex by measured variables in 
the aperture size experiment at study site 13 
(1991).
Variable number
captured
percent
female
Chi-square
statistic
P
Size 1.15 . 564
3 . 8  cm aperture 144 57
6.4 cm aperture 205 52
8.9 cm aperture 174 52
Position .97 .615
1 0  m offshore 147 56
2 0  m offshore 198 53
30 m offshore 178 51
Bait 2 .91 .405
sucker 273 53
squawfish 1 0 1 56
peamouth 67 57
perch 82 45
Gang (north to south) 1.44 . 920
1 1 2 0 54
2 97 54
3 87 51
4 62 52
5 63 49
6 94 57
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Table 3.2 Catch Per Unit Effort of Aperture Experiment 
(1991).
Variable Sex CPUE SE n
Aperture Size
3.8 cm Total 3.00 .41 48M 1.29 .24
F 1.71 .25
6.4 cm Total 4 .36 .51 47
M 2.11 .26
F 2.25 .31
8.9 cm Total 3 .63 .56 48
M 1.75 .30
F 1.88 . 32
Position Offshore
10 m Total 3.06 .45 48
M 1.33 .23
F 1.73 . 29
20 m Total 4.13 .52 48
M 1.96 .29
F 2.17 .31
30 m Total 3 .79 . 53 47
M 1.85 .30
F 1.94 . 29
Bait
sucker 4.29 . 50 61
squawfish 3 .88 .78 26
peamouth 2.52 . 56 27
perch 2 .93 .36 29
Gang (north to south)
1 5.00 .80 24
2 4.04 .71 24
3 3. 63 .78 24
4 2.58 .53 24
5 2. 63 .50 24
6 4.09 .82 23
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Table 3.3 One-way ANOVA test of carapace lengths by
measured variables (sexes separately) for the
aperture experiment (1991) •
Males mean SD range n F 
/P
ratio
value
Aperture Size 5.95
3.8 cm 51.0 10.0 29-72 62 / .0036.4 cm 57.3 12 .8 28-79 99
8.9 cm 57.2 13.1 27-78 84
Position Offshore 12.60
10 m 61.1 9.6 38-78 64 / <.00120 m 56.0 12.6 31-79 94
30 m 51.3 12 .7 27-73 87
Bait 0.85
Sucker 54.5 12.6 38-78 127 / .46Squawf ish 56.6 12 . 9 33-73 44
Peamouth 56. 1 12 . 4 28-75 29
Perch 57.7 12.0 39-79 45
Gang 1.59
1 56.4 13 .0 27-75 55 / . 16
2 57.4 12.9 29-78 45
3 52.0 11.8 31-72 43
4 53.6 12.0 35-75 30
5 55.3 12 . 2 31-79 32
6 58.6 12.0 28-78 40
Females
Aperture Size 1.79
3.8 cm 52.8 9.3 28-68 82 / . 17
6.4 cm 51.4 9.9 30-70 106
8.9 cm 53.8 8.6 34-67 90
Position offshore 4 . 16
10 m 54. 0 9.1 32-67 83 / . 02
20 m 53 .4 9,1 28-70 104
30 m 50. 3 9.4 28-66 91
Bait 2.40
Sucker 53 . 1 9.2 28-70 146 / . 07
Squawfish 49.8 9.6 32—66 57
Peamouth 53. 3 8.9 3 0 — 66 38
Perch 54.2 9 . 1 33-67 37
Gang 65 /
3.62
1 53.9 7.8 38-70 .004
2 51.2 10. 6 28-66 52
3 49.8 9.6 28-68 44
4 49.6 9.9 33-66 32
5 53.5 7.6 39-67 31
6 56.0 9.0 35-67 54
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Table 3.4 Two-Way ANOVA of Mean Carapace Lengths in 
Aperture experiment (1991).
Source df SS MS F-value P
Aperture Size 2 1,525 762 6.8 .001
Position offshore 2 3,944 1,972 17.7 <.001
Interaction 4 1,182 295 2.7 .032
(Aperture X Position)
Residual 514 57,259 111
Table 3.5 Kruskal-Wallis One--Way ANOVA of variables on
carapace length of crayfish (split by sex and
site) (1991).
Variable Sex Site *Chi-square P-value
statistic
Aperture Size
Male 12 1.82 .4024
16 12.34 .0021
Female 12 2.07 .3559
16 3. 51 . 1730
Trap Position
Male 12 31. 65 .0001
16 12.36 .1361
Female 12 15.13 . 0568
16 26.93 .0005
Sampling Date
Male 12 11-31 . 1257
16 20.78 .0041
Female 12 29. 15 . 0001
16 50.29 < .0001
Bait Type Used
Male 12 5.75 . 1246
16 5.87 . 1179
Female 12 5.21 .1573
16 3.56 .3129
* Corrected for ties
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
66
Table 3.5a Descriptive statistics of carapace lengths
for variables split by sex and site.
mean SD n mean SD n
Males Site 12 Site 16
Aperture Size
3.8 cm 55.4 9.4 58 57.5 9.4 31
6.4 cm 57.1 9.5 92 63 . 0 8.0 50
8.9 cm 57,6 9.8 100 64 . 3 8.5 58
Trap Positions
1 61.2 6.1 28 55.8 9.3 13
2 62.1 7.5 31 60.4 8.8 23
3 54.5 9.7 35 64.2 6.5 14
4 58.2 10.9 36 63 . 3 4.8 7
5 57.0 10. 3 32 62.9 9.2 11
6 51.3 11.4 18 60.4 9.1 11
7 51.9 10. 1 12 66.5 7.9 11
8 51.9 6.6 21 63.4 10.9 22
9 57.4 8.4 37 63 . 6 7.8 27
Sampling Date
June - 53 .6 11.8 11 49. 3 6.8 6
June + 57.3 7.8 33 60.1 8.4 15
Aug 57.8 10.4 44 56.6 13.0 17
Aug + 56.9 14.9 10 62.9 6.4 10
Sept - 59.1 10.8 26 64 . 0 8. 0 12
Sept + 58.7 8 . 9 35 64.7 6.7 33
Oct - 57.2 8 . 9 53 64 .8 8.1 15
Nov - 52 .8 8 . 9 38 64.4 6.8 31
Bait Type Used
Sucker 58.1 9.2 138 62.6 9.2 37
Squawfish 56.1 10.4 18 58.5 9.6 23
Peamouth 56.1 10.3 57 60.2 11.3 18
Perch 54.2 9.4 37 64.2 7.0 61
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mean SD n mean SD n
Females Site 12 Site 16
Aperture Size •
3.8 cm 53.3 8.0 52 57.8 7 . 3 49
6.4 cm 53.8 6.8 60 59.3 6.6 58
8.9 cm 54.7 6.8 98 60.4 7.1 65
Trap Positions
1 57.2 9.4 18 53.3 7.8 24
2 57.0 7.7 26 58.4 7 . 6 19
3 53.0 5.6 23 61.2 5.9 13
4 54.6 6.4 28 62.4 4.8 16
5 53.9 6.6 22 58. 6 6.3 16
6 53 . 1 7 . 6 22 63 .1 7 . 1 18
7 49.4 11.1 11 58.7 6. 5 20
8 52.9 5.5 15 59.2 6. 5 26
9 53 .5 5.1 40 61.6 5.1 20
Sampling Date
June - 48.9 10.4 14 52.3 5.9 14
June + 52.4 6.6 29 58.5 5.8 10
Aug 53.9 8.5 17 47.2 9.4 5
Aug + 54.4 9.0 18 62 . 0 6.1 26
Sept - 56.6 5.4 45 63.0 5.5 33
Sept + 57.6 5.1 33 60.9 5.0 57
Oct - 51. 3 5.3 32 56.4 8 .0 7
Nov - 52 .8 6.9 17 54. 3 6.6 20
Bait Type Used
Sucker 54.4 6.5 123 60.4 6.9 51
Squawfish 53 .1 7 . 6 28 57.2 8.0 26
Peamouth 55.3 7.5 39 60.2 5.1 24
Perch 49.9 9.0 15 59.0 7.2 71
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Table 3.6 Two-Way Analysis of Variance of Sampling date 
and position offshore on Carapace Length (split 
by sex and site) (1991).
Source df SS MS F-value P
Males at Site 12
Sample date 7 496 71 .93 .484
Position 8 2 ,471 309 4. 05 <.001
Interaction 45 5, 108 114 1.49 .035
Residual 189 14,415 189
Females at Site 12
Sample date 7 1,904 127 4 . 00 . 001
Position 8 451 56 1.35 . 223
Interaction 46 2,483 54 1.29 . 128
Residual 143 5,968 42
Males at Site 16
Sample date 7 1,785 255 4.53 <.001
Position 8 712 89 1.58 . 141
Interaction 33 2,963 90 1.60 .043
Residual 90 5,067 56
Females at Site 16
Sample date 7 2,460 351 12 .09 <.001
Position a 1, 124 140 4.83 <.001
Interaction 34 986 29 1.00 .482
Residual 122 3,546 29
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Table 3.7 Kruskal—Wallis one-way ANOVA tests for comparing 
samples taken in 1990 and 1991 during the months 
of August and September at sites 12 and 16.
Comparison K -W chi-square 
statistic
P value
Site 12
August 26, 1990 
- August 26, 1991 5.92 .0195
September 13, 1990 
- September 8, and 20, 1991 0.17 .8407
August 26, 1990 
- September 13, 1990 1.93 . 1732
August 26, 1991 
- September 8, and 20, 1991 0.91 .4037
Site 16
September 14, 1990 
- September 7, and 19, 1991 12.93 .0016 **
August 13, 1991 
- September 7, and 19, 1991 8.75 . 0126
** Significant with Bonferroni correction 
alpha = ,05.
for overall
Table 3.7a
mean SD n
SITE 12
August 26, 1990 
September 13, 1990
62.7
58.9
6.8
6.4
20
18
August 26, 1991 
September 8 and 20, 1991
55.3 11.2 
57.9 7.5
28
139
SITE 16
September 14, 1990 58.8 8.7 49
August 13, 1991 
September 7 and 19, 1991
54.5 
62 . 6
12.7
6.0
22
135
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Table 3.8 Kolinogorov-Smirnov tests of common distribution 
for comparing samples taken in 1990 and 1991 
during the months of August and September at 
sites 12 and 16.
Comparison
1
K-S
statistic
P
value
Range n
Site 12
August 26, 1990 48-76 20
- August 26, 1991 1. 221 . 101 32-75 28
September 13, 1990 47-70 18
- September 8, 1991 . 683 .739 32-73 71
September 13, 1990 47-70 18
- September 20, 1991 .401 .997 39-77 88
August 26, 1990 48-76 20
- September 13, 1990 .701 .709 45-70 18
August 26, 1991 32-75 28
- September 8, 1991 . 661 .774 32-73 70
August 26, 1991 32-75 28
- September 20, 1991 .867 .440 39-77 88
September 8, 1991 32-73 71
- September 20, 1991 .641 . 806 39-77 88
Site 16
September 14, 1990 32-74 49
- September 7, 1991 1.944 .001 ** 45-75 45
September 14, 1990 32-74 49
- September 19, 1991 1.526 .019 47-74 90
August 13, 1991 28-71 22
- September 7, 1991 1.343 .054 45-75 45
August 13, 1991 28-71 22
- September 19, 1991 1.533 . 018 47-74 90
September 7, 1991 45-75 45
- September 19, 1991 1.095 . 181 47-74 90
** Significant with Bonferroni correction for overall
alpha = .05.
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Figure 1.1 Noxon Rapids Reservoir with 
numbered sampling transects
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Biweekly length-frequency data (1991) used in ELEFAN.
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